Introduction
In the late l960s many fields of science experienced a weakening of support. Particle accelerators used in nuclear physics and chemistry research suffered especially. For a period of several years there were no new accelerators built and a number of facilities were either shut down or forced to develop new means for support. Today, the situation seems to be changing. We see a resurgence of activity throughout the world in the design and construction of lowand medium-energy accelerators, stimulated in large part by advances in heavy ion research. These new accelerators all involve either the development of new technology or a significant scaling and modernization of mature technologies. This paper reviews recent developments in the technology of electrostatic accelerators, linear accelerators, and cyclotrons for the acceleration of heavy ions.
Electrostatic Accelerators
Seven new tandem electrostatic accelerator installations are being built or are contracted.1-7 In this type of machine, negative ions are accelerated to a positively charged terminal where they pass through a gas or thin foil "stripper" to become multiply charged positive ions and then are accelerated back to ground potential. The technology employed in all of these tandems has been developed to overcome the limitations of older machines and to satisfy the more stringent requirements for heavy ion acceleration. The characteristics of the seven tandems are summarized in Table 1 .
Two of the tandems on the list are significant modernizations of old accelerators. The The accelerating tubes of heavy ion accelerators must be designed to eliminate or compensate the secondary electron/ion production that results from the large charge-exchange cross section of heavy ions, especially the negative ions in the low energy tube. This is accomplished by the following means: designing the tube system to achieve very low pressure by providing All of the listed projects are progressing well. The tests of the helix structure at Heidelberg and Saclay met the design goals. The room-temperature booster at Heidelberg operates quite well and is in routine use for physics research and has proved to be quite reliable. The somewhat negative aspect of the large power consumption (n, 20 kW/cavity) is offset by simplicity and reliability. Prototype studies at Argonne, including the routine operation of the booster in physics experiments, are solving the major problems. Similarly, the results at Stony Brook are quite promising. Of the superconducting accelerator projects, the Argonne accelerator is nearest completion. Recent tests of eight cavities together gave an average acceleration gradient of 2.8 MV/meter, with the best cavity capable of 3.7 MV/meter. The present project includes 17 sections to provide approximately 15 MV.
The H-structure accelerator at Munich is interesting because the total electrical power is low; however, the concept seems difficult to extend to higher voltages over a large velocity range.
Cyclotrons
There are seven active heavy ion cyclotron projects and another seven major proposals in various stages of development. The characteristics of the 14 X projects are given in Table 3 It has become customary to discuss cyclotron size in terms of the magnetic field bending capability "K" as ME/q2 (MeV); the maximum energy of an ion from a cyclotron is given by E = K q2/A. This is a useful equation for low energies, but loses accuracy at high energy because of relativistic effects. There may be difficulties in beam diagnostics that arise because the undesired charge states will be partially accelerated. Fig. 9 . The Oak Ridge K = 1200 superconducting cyclotron. The magnet configuration will be essentially identical with the MSU K = 800 design.
Presently the Chalk River and MSU K = 500 cyclotrons are nearing completion. Measurements of the MSU magnet made in 1978 showed essentially perfect agreement with calculations. One of the interesting advantages of superconducting magnets with fully saturated iron is that the magnetic field may be calculated with great accuracy. There is no need to do magnet modeling, as is required for conventional magnets.
An interesting development at the Technical University, Munich, combines superconducting coils and the separated-sector style of construction. The peak magnetic field will be approximately 4.5 T and the average magnetic field will be about 2.3 T. Figure 10 shows the plan of the cyclotron. A drawing of one sector magnet is shown in Fig. 11 . A 1:10-scale model is shown in Fig. 12 . The Munich cyclotron will not require stripping to inject but may use either gas or foil stripping with charge-state analysis before injection. Design and systems modeling are presently underway.
This year should see the first operation of the MSU K = 500 superconducting cyclotron and the operation of the ORIC with the 25 MV tandem as injector. During the next few years many new cyclotron projects will be completed; it is an exciting time for cyclotron designers! these goals are met, the source will be very attractive for cyclotrons. The EBIS source appears to be simpler and probably less expensive than the ECR source, but the output will ultimately be limited by achievable electron beam density and power dissipation levels.
